A novel Gram-stain-negative bacterial strain, designated strain S10 T , was isolated from soil collected in a rice field in Goyang, South Korea. Cells of strain S10
The genus Hydrogenophaga, initially proposed by Willems et al. [1] , belongs to the family Comamonadaceae, which consists of bacteria that are Gram-stain-negative and motile via flagella [1] . Initially, members of this genus were identified as chemolithoautotrophic bacteria using CO 2 as a carbon source and oxidation of H 2 as an energy source, which could be distinguished from other genera of the family Comamonadaceae [2, 3] . However, it was reported that some species belonging this genus, including Hydrogenophaga caeni and Hydrogenophaga atypica, are not able to grow chemolithoautotrophically using H 2 [3, 4] . According to the List of Prokaryotic names with Standing in Nomenclature (LPSN; www.bacterio.net/hydrogenophaga.html), the genus Hydrogenophaga comprises 10 species with validly published names including the recently described Hydrogenophaga luteola THG-SQE7
T [5] . Most of the species within Hydrogenophaga are frequently isolated from water and mud [3] [4] [5] . Here, we report the characterization of a strain designated S10
T that represents a novel species within the genus Hydrogenophaga.
Strain S10
T was isolated from a soil sample collected in a rice field in Goyang, Gyeonggi Province, Republic of Korea (GPS; N 37 40¢28.8¢¢ E 126 48¢22.4¢¢). A portion of the sample was suspended in 20 ml phosphate buffered saline and serially diluted, and a 100 µl aliquot of each dilution spread onto R2A agar (MB Cell) and incubated at 30 C for 3 days. Single colonies were purified by transferring onto an R2A agar plate and incubated at 30 C for 2 days. Purified colonies were preserved as a glycerol suspension (25 %) with R2A broth (MB Cell) at À80 C. Strain S10 T was grown on R2A agar for analysis of morphological and biochemical characteristics and deposited in the Korean Collection for Type Cultures (KCTC 52520 T ) and the Japan Collection of Microorganisms (JCM 31711 T ). H. caeni KCTC 12613 T , H. atypica DSM 15342
T and Hydrogenophaga defluvii DSM 15341 T were respectively obtained from KCTC (Daejeon, South Korea) and DSMZ (Braunschweig, Germany), and were grown and maintained on R2A agar.
The complete 16S rRNA gene sequence of strain S10
T was amplified via colony PCR using the 27F, 518F, 805R and 1492R universal bacterial primer sets [6] and sequencing was performed by Solgent. The 16S rRNA gene sequence of strain S10
T was compiled by using SeqMan software (DNASTAR) and compared with those of other taxa using BLAST searches [7] and the EzTaxon-e service [8] . The 16S rRNA sequences of related taxa were collected from GenBank and edited using the BioEdit program [9] , aligned with ClustalX2 program [10] and phylogenetic trees reconstructed using MEGA 7 software [11] with the neighbour-joining, maximum-parsimony and maximum likelihood algorithms [12] [13] [14] . MEGA7 was applied to calculate bootstrap values based on 1000 replicates [15] . The sequence of Pelomonas saccharophila DSM 654 was used as an outgroup. In the phylogenetic tree, strain S10
T clearly belonged to the lineage defined by the genus Hydrogenophaga of the family Comamonadaceae (Figs 1, S1 and S2, available in the online Supplementary Material). Sequence comparison of the 16S rRNA genes revealed closest associations of strain S10
T with H. caeni EMB71 T (97.9 %), H. atypica BSB 41.8 T (97.3 %), and Hydrogenophaga defluvii BSB 9.5 T (97.2 %).
The Gram reaction was assessed via Gram staining as described by Gerhardt et al. [16] and the non-staining KOH method [17] . The morphological characteristics and motility of strain S10 T were investigated using transmission electron microscopy (LIBRA120; Carl Zeiss) and soft agar stabbing (tube method) after growth of cells on R2A agar for 2 days. Growth was evaluated on several media, including nutrient agar (Difco), trypticase soy agar (Difco), R2A agar and Luria-Bertani (Difco) agar, at 30 C for 5 days. Growth was assessed at different temperatures of 4, 8, 10, 25, 30, 37 and 40 C on R2A agar for 5 days. The ability to grow in acid and alkaline media was determined using three buffers at a final concentration of 50 mM: acetate buffer (pH 4.0-5.0), phosphate buffer (pH 6.0-8.0) and Tris buffer (pH 9.0-10.0). The optimum NaCl concentration for growth was assessed in R2A broth supplemented with 0-10 % (w/v) NaCl (1 % intervals) for 5 days. Anaerobic growth was evaluated using a GasPak jar (BBL). The chemolithoautotrophic growth of strain S10
T was tested under the conditions described by Malik and Schlegel [18] . Oxidase activity were determined via oxidation of 1 % (w/v) N, N, N¢, N¢-tetramethyl-p-phenylenediamine. Catalase activity was determined using H 2 O 2 (3 %, w/v). The API 20NE, API 32GN, API 50CHB and API ZYM systems (bioM erieux) were used to identify additional biochemical characteristics according to the manufacturer's instructions.
T cultured on R2A agar for 2 days yielded colonies that were transparent to white in colour, smooth and convex.
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Acidovorax caeni R-24608 T (CYIG01000005) T was used as an outgroup. Bar, 0.01 substitutions per nucleotide position. Evolutionary distances were computed by using Kimura's two-parameter method. All positions containing gaps and missing data were eliminated. Empty circles indicate that corresponding nodes were also recovered in trees generated with maximum-likelihood algorithms; filled circles indicate that corresponding nodes were also recovered in trees generated with maximum-parsimony and maximum-likelihood algorithms. The cells of strain S10
T were Gram-stain-negative, motile, strictly aerobic and rod-shaped with dimensions in the range of 0.7-0.9Â0.9-1.8 µm (Fig. S3) . A comparison of the biochemical characteristics of strain S10
T and type strains of other Hydrogenophaga species is presented in Table 1 . To determine the major polar lipids of strain S10 T , total lipid extraction was performed [19] . Lipids were further examined via two-dimensional thin-layer chromatography (TLC) with two different development solvents, specifically, chloroformmethanol-water (65 : 25 : 4, v/v/v) and chloroform-acetic acid-methanol-water (80 : 15 : 12 : 4, v/v/v/v). TLC plates were visualized by spraying with the appropriate detection reagents [20] . Cells were harvested from the third quadrant of R2A agar plates for fatty acid analysis after incubation at 30 C for 2 days. Cellular fatty acids were acquired by saponification, methylation and extraction as reported previously [21] . Extracts were analysed using the Sherlock Microbial Identification System version 6.01 (database TSBA6). To purify isoprenoid quinones, a chloroform-methanol (2 : 1, v/v) solution was used, and the extract analysed via high-performance lipid chromatography (HPLC) according to previous reports [22, 23] . TLC analysis disclosed that the polar lipids of strain S10 T comprise a phosphatidylethanolamine, a diphosphatidylglycerol and two unidentified aminophospholipids (see Fig. S4 ). The major fatty acids of strain S10
T were identified as C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH). Summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH) is the most abundant fatty acid in all strains investigated in this study. Detailed fatty acid compositions are presented in Table 2 . The predominant quinone of strain S10
T was ubiquinone Q-8, which corresponds to the description of the genus Hydrogenophaga [1, 5] . Total genomic DNA was extracted and purified according to the cetyl trimethylammonium bromide/NaCl standard protocol [24] . The DNA G+C content (mol%) of strain S10
T was estimated according to a simple fluorimetric method [25] T were used as calibration references. DNA-DNA hybridization was performed to analyse the relationships of the novel isolate with related taxa based on the thermal denaturation principles and equations of De Ley et al. [26] and Gillis et al. [27] and an optimized procedure described by Loveland-Curtze et al. [28] . For genomic characterization of strain S10 T , we performed DNA-DNA hybridization analyses between the strain and three reference strains using the fluorimetric method. The DNA G+C content of strain S10
T was calculated as 68.2 mol%, similar to that of other members of the genus Hydrogenophaga [3, 4] 16S rRNA gene sequence analyses revealed that strain S10 T is most closely related to members of the genus Hydrogenophaga in the family Comamonadaceae. The common characteristics of members of Hydrogenophaga identified in this study were the presence of Q-8 as the respiratory predominant quinone, C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/ or iso-C 15 : 0 2-OH) as the major fatty acids and phosphatidylethanolamine and diphosphatidylglycerol as the major polar lipids. However, the results of polyphasic and DNA-DNA hybridization analyses clearly indicate that strain S10 T is distinguishable from other species of this genus. Based of the collective findings, we conclude that strain S10
T represents a novel species within the genus Hydrogenophaga, for which the name Hydrogenophaga soli sp. nov. is proposed. Hydrogenophaga soli (so¢li. L. gen. n. soli, from soil).
Cells are Gram-stain-negative, strictly aerobic, motile, monotrichous, rod-shaped with dimensions of 0.7-0.9 µmÂ0.9-1.8 µm, and do not form spores. Colonies on R2A are round, convex, transparent to white in colour after incubation at 30 C for 2 days. The ranges of temperature, pH and NaCl concentrations for growth are 8-37 C, pH 6.0-8.0 and 0 % (w/v) with optimum growth at 37 C, pH 7.0 and 0 % (w/v), respectively. Growth occurs optimally on R2A agar. Unable to grow chemolithoautotrophically with H 2 as the electron donor under the conditions described. The type strain S10 T (=KCTC 52520 T =JCM 31711 T ) was isolated from a rice field in Goyang, Gyeonggi Province, Republic of Korea. The G+C content of the genomic DNA of strain S10 T is 68.2 mol%.
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